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Applications of magnetic nanoparticles
Ronald J. Tackett, Ph.D.
Assistant Professor of Physics
Kettering University
To understand magnetic nanoparticles, we must first



















𝜒 = ~ 50 − 104
Complex Magnetic 
Materials
The dependence of the magnetization on the applied magnetic field is
drastically different in the three types of magnetic materials.
𝑀𝑠 – Saturation 
Magnetization









In ferromagnetic materials energy considerations favor the
formation of domains and domain dynamics governs their
behavior.
Pieces of magnetic materials
whose dimensions are
smaller than a typical domain




The behavior of magnetic nanoparticles is governed not by













Magnetic nanoparticles can be synthesized in many different ways—we





















Fe3+ + 3OH → Fe OH 3 → FeOOH + H2O
Fe2+ + 2OH → Fe OH 2
2FeOOH + Fe OH 2 → Fe3O4 + 2H2O
Powder x-ray diffractometry (XRD) and transmission electron microscopy
(TEM) are used to characterize the Fe3O4 nanoparticles.
Type equation here.
20 nm
𝐷𝑎𝑣𝑔 = 13.7 ± 4.7 nm
Magnetic nanoparticles are useful for a variety of different applications,
the hyperthermia treatment of cancer is our interest.
Type equation here.
image credit:  www.intechopen.com
image credit:  www.lemmo.com
The Fe3O4 nanoparticles are coated with dextran in order to
prevent agglomeration and to allow suspension in water.
Type equation here.
image credit:  www.wikipedia.org
Xu et al. (2005) App. Surface Sci. 252, 494-500
Treating cancer with magnetic fluid hyperthermia involves the injection of
ferrofluids into the tumor and subsequent application of an RF magnetic field.
Type equation here.-
Inject the ferrofluid into the
tumor.
Using a solenoid, apply an
alternating magnetic field.
𝑓 ≈ 150 − 300 kHz
𝐻 ≈ 15 − 50 mT
For single-domain magnetic nanoparticles, energy absorption from the
magnetic field occurs via two mechanisms: Néel and Brownian relaxation.
Type equation here.-











Laboratory experiments can be performed to determine “how good” the
nanoparticles are at absorbing energy from the magnetic field.
Type equation here.-Max. output = 2.4 kW
Analysis of the temperature versus time data allows for the
determination of the specific absorption rate (SAR).

































Research is being conducted at Kettering University to
maximize the SAR of ferrofluids.

















Tackett et al. (2008). J. Appl. Phys. 102, 063914

















Tackett et al. (2015). J. Appl. Phys. 118, 064701
Additional research is being conducted into the possibility of












LaxA1-xMnO3 (A = Ba, Ca, or Sr) nanoparticles are synthesized












400 ˚C 700 ˚C
The LaxA1-xMnO3 nanoparticles were characterized using powder x-ray
diffraction and transmission electron microscopy.














a = b = 5.486(6) Å
c = 13.427(4) Å








The Curie temperature of each doping was measured using
DC magnetometry performed by collaborators at SDSU.







80  A = Sr
 A = Ca
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